A new device consisting of a conventional fiberscope and a new TV system (model OTV-S5, Olympus Optical Co., Tokyo, Japan) has been developed to achieve accurate irradiation of laser light in photodynamic therapy for gastric cancer. This model has high resolution and sensitivity, and its signal can be transmitted by red, green and blue. In front of the CCD we inserted a special interference filter which has specific absorption of red light with 2.3% transmissivity at a 630 nm wavelength and a 50 nm absorption band of full width at half maximum. The average transmittance in the visible region, except for at 630 nm, was 90%. A neutral density filter with 16% transmittance was added to adjust to the sensitivity of the CCD. The device makes it possible to perform accurate irradiation, because we can observe both the lesion and the laser spot on a monitor in original colors during irradiation.
INTRODUCTION
Photodynamic therapy (PDT) has been proved to be a safe and promising alternative for the treatment of patients with early stage cancer of the lung [1, 2] , esophagus [3, 4] and stomach [5] who are poor risks for surgery, and it was approved by the Ministry of Health and Welfare of Japan in" 1994 [6] . However, it is very difficult to accurately irradiate the lesion with enough energy, because it is difficult to clearly observe both the cancerous lesion, and also the boundary of the laser spot during irradiation. To achieve accurate irradiation oflaser light, it is necessary to improve the endoscopic device for PDT. Initially we placed a green filter [7] on the eyepiece of the fiberscope to protect the naked eye from being dazzled during photoradiation. Later, we also inserted a green filter in front of the CCD-camera in an OES-TV system with an NTSC signal. The red spot of laser light could be observed clearly, but the mucosal image turned green and the boundary between cancer and surrounding mucosa became unclear. For observing mucosal change at a pause of irradiation, we have to remove the filter, and insert it again before restarting irradiation. In the former study [8] we employed a new OES-TV system (model OTV-S5, Olympus Optical Co., Tokyo, Japan) that has high resolution and sensitivity. We also employed an interference filter instead of a green filter and tried to add several grades of a neutral density filter to adapt to the sensitivity of the CCD. However, these filters were not enough to absorb the red laser beam. In the present study we therefore, designed a new interference filter with a deeper absorption band at a wavelength of 630 nm [9] . In this paper we present not only the new device but also historical instruments with some clinical cases.
MATERIALS AND METHODS
The light source for irradiation in PDT was an excimer dye laser [ 10] 410 ,000 picture elements and more than 600 lines and also has a high sensitivity which allows it to form an image at 1.5 lx with a maximum gain. The signals can be transmitted by red, green and blue (RGB). This system has an automatic gain controller in order to be adjustable to two kinds of methods for measuring radiance. One measures the average radiance and the other measures the peak, and they are instantaneously interchangeable. In front of the CCD we inserted a new interference filter which had specific absorption of red light, and we added a neutral density filter of 0.8 density, i.e. 16.4% transmittance as shown in Fig. 1 . The The interference filter has a specific absorption band of red light with 2.3% transmissivity at a wavelength of 630nm and a 50nm absorption band of full width at half maximum, while the average transmittance in the visible region, except for at 630 nm, is 90%. For practical use we added a neutral density filter of 0.8 density, i.e. 16.4% transmittance to adapt to the sensitivity of the CCD.
RESULTS
Before and during pauses of irradiation the mucosal image could be observed on a monitor as clearly as on a conventional fiberscope-TV system as shown in Fig. 3(a) . Deviation of color balance of gastric mucosa was negligible, while gray chart observation sensitivity deviated slightly towards blue because of red light reduction by the interference filter, as shown in Fig. 4(a) . During irradiation the mucosal image did not change (Fig. 3(b) ), while the image of the gray chart was adjusted to an original gray, because reflection of the red laser light compensated the deviation towards blue as shown in Fig. 4(b) . The laser beam was observed as a red spot when the irradiation was being performed at a long or medium distance between the fiber tip and the mucosa, while at too short a distance the laser spot turned to white i.e. a highlight. In this way we could observe the mucosa clearly during the entire course of irradiation and pauses without inserting or removing of the filter. 4 The endoscopic images of a color chart obtained by the new device. The color balance before irradiation deviated slightly toward blue, while that during irradiation was adjusted to an original gray.
DISCUSSION
In the early years of PDT around 1980s, we placed a green filter on the eyepiece of the fiberscope to protect the naked eye from being dazzled by reflection of the laser light. Later, we also inserted a green filter in front of the CCD-camera in the fiberscope-TV system as related above. Figure 5 shows spectral transmissivity of each green filter, SP-15 is for observation and photography, and SP-19 for the CCD. The transmissivity at 630nm wavelength was 2% in SP-!5, and !7% in SP-19. Figure 6 shows one frame from a VTR obtained without filter, before irradiation and during irradiation. Before irradiation the image of mucosa was clear, during irradiation however, a laser spot appeared white. This means excessive irradiation and is called a highlight. Reflection of the laser beam tinged the surrounding mucosa with a rosy flush. In Fig. 7 boundary of the cancerous lesion became unclear, not only during irradiation but also during pauses of irradiation. We therefore, introduced an interference filter to reduce the red of the laser light while keeping the original color of the gastric mucosa. Absorption of red light by the filter of the FIGURE 6 The endoscopic mucosal images in PDT obtained by the old device without a filter, before irradiation and during irradiation.
FIGURE 7
The endoscopic mucosal images in PDT obtained by the old device with a green filter SP-19 in front of the CCDcamera, before irradiation and during irradiation.
former study was insufficient, therefore, an interference filter with deeper absorption of red light was made and good results were obtained. However, of gain controller should be tested to obtain an optimal balance. Moreover, the interference filter may be useful for other types of fiberscope-TV system. Although the filter is not on sale, it is available when purchasing the laser equipment of the company. The spectral transmissivity in Fig. 2 was measured in the condition of the light in parallel. At the position where the filter was inserted in this study, i.e. in front of the CCD, the light is not necessarily parallel. Generally speaking, transmissivity differs greatly depending on the angle of incidence into the interference filter: oblique light is easier to transmit. Therefore, the filter effectiveness in front of the CCD is slightly weaker (i.e. transmissivity is higher) than the measured value in the figure. Moreover, when using it on an eyepiece, it will be not so effective as when inserted in front of the CCD, because the rates of oblique light at the position are higher. Furthermore, the idea, using an interference filter for improving visualization of mucosal lesions during endoscopic PDT, will be widely applied to the PDT employing new photosensitizers in the future.
CONCLUSION
The device makes it possible to achieve accurate irradiation, because we can observe both the lesion and the laser spot in original colors on a monitor during irradiation.
